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5 METHODS OF INDUCING OVULATION 

The present application claims the benefit of U.S. provisional application 
number 60/224,962 filed August 1 1 , 2000, incorporated herein by reference 
in its entirety. 

10 

FIELD OF THE INVENTION 

The present invention relates to methods of enhancing fertility in a female 
host by inducing ovulation with the administration of a non-polypeptide 
j =3 modulator of cAMP levels. 

M 

Q 15 

i'iS 

BACKGROUND OF THE INVENTION 

ry 

i"^ Ovulation is the process where an ovum or ova are released from the 
» ovaries. The timing of ovulation within the menstrual cycle is of foremost 

£9 importance for fertilization. It is well recognized that follicles acquire the 
□ 20 ability to ovulate following growth and maturation stimulated by the 
1*7 pituitary gonadotropins. Follicle stimulating hormone (FSH) is 

predominantly responsible for follicular growth and luteinizing hormone 
(LH) stimulates ovulation. This coordinated process of gonadotropin- 
stimulated maturation of the follicle ensures delivery of a competent ova at 
25 ovulation. The adequately prepared ova is then available for fertilization by 
sperm within hours after ovulation. 

Ovulation is a finely timed process that is driven by pituitary gonadotropin 
stimulation of the ovary, and modified by the growth and biochemical (e.g., 
30 steroidogenic, inhibin secretion, etc.) response of follicles to the 
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gonadotropin stimulation. During the normal menstrual cycle in women 
these hormones exhibit cyclic patterns. The menstrual cycle can be 
functionally divided into three phases; the follicular, the ovulatory and luteal 
phases. The follicular period begins at the end of the luteal phase of the 
5 preceding non-conceptive cycle, prior to coincident with the onset of 
menses. The cycle starts with a transient rise in blood levels of FSH that 
stimulates development of a cohort of ovarian follicles. The size of the 
follicles recruited to grow is about 5 mm in diameter. In a natural menstrual 
cycle, usually one large or dominant follicle is established during the 
10 follicular phase, and it is committed to growth and maturation. In humans, 

»3 the size of the follicle that is considered ready to ovulate is about 15 mm or 

'i3 more in diameter. 

'n 

01 The second critical event that occurs in the ovary during the follicular phase 

« 15 is that granulosa cells within the ovarian follicles acquire receptors for LH 

□ 

rg and become increasingly responsive to LH. Secretion of estradiol and 

in m 

q estrone from the ovary increases slowly at first, in parallel to the increasing 

n 

:{1 diameter of the follicle and sensitivity of the follicle to LH. The relatively 
rising levels of estrogen and inhibin cause inhibition of gonadotropin 

20 releasing hormone (GnRH) secretion from the hypothalamus and 

gonadotropin secretion from the pituitary. Estrogen production reaches a 
maximum on the day before the LH peak and the neuroendocrine response 
to increased estrogen and gradually increasing concentrations of 
progesterone is the preovulatory release of gonadotropins which is discussed 

25 below. 
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During the ovulatory phase there is a change in the neuroendocrine response 
to estrogen and progesterone. At this point in the cycle, elevated estrogen 
elicits a preovulatory surge in serum FSH and LH levels, due to a positive 
feedback on the hypothalamus, estrogen now stimulating a surge in the 

5 levels of GnRH and subsequently FSH and LH release from the pituitary. 
This surge of gonadotropins induces the completion of follicular maturation 
and causes rupture of the dominant or Graafian follicle and discharge of the 
ovum some 16 to 24 hours after the LH peak. During the period following 
the preovulatory surge, serum estradiol levels temporarily decline and 

10 plasma progesterone levels begin to rise. 

Following ovulation, the post-ovulatory ovarian follicle cells under the 
influence of LH are luteinized to form a corpus luteum - the luteal phase. 
The diagnostic markers of the luteal phase of the menstrual cycle are the 

15 marked increase in progesterone secretion by the corpus luteum, and the 
uterine transformation that occurs in response to progesterone. Associated 
with luteal progesterone production, there is a less pronounced increase in 
serum estrogen levels. As progesterone and estrogens increase, LH and FSH 
decline throughout most of the luteal phase. Towards the end of the luteal 

20 phase, in a non-conceptive menstrual cycle, the corpus luteum regresses and 
serum FSH levels begin to rise to initiate follicular growth for the next cycle. 

FSH and LH are distinguished from each other by their ability to stimulate 
follicular development or ovulation, respectively. Both agents are known to 
25 stimulate an increase in intracellular cAMP concentrations. Agents that 

mimic cAMP such as forskolin or stable analogs of c AMP have been shown, 
in vitro, to resemble the effects of FSH in granulosa cells from immature 
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follicles, and to resemble the effects of LH in cells from mature follicles. 
Although alternative intracellular pathways have been proposed for both 
FSH and LH, it is well accepted that cAMP is stimulated in response to both 
gonadotropins. If and when elevations in cAMP levels are associated with 
folliclular development and maturation or ovulation induction depends on 
the cell types and the presence or absence of the respective receptors. 
Indeed, it has been demonstrated that mice which are deficient in a particular 
phosphodiesterase have impaired ovulation and diminished sensitivity of 
granulosa cells to gonadotropins. 

Infertility treatments currently in clinical use incorporate some of the 
regulatory events described above. One agent which stimulates follicular 
growth and is used for treatment of anovulation is clomiphene. Clomiphene 
is a nonsteroidal antiestrogen that competes for estrogens at their binding 
sites. It is thought that clomiphene binds to estrogen receptors in the 
hypothalamus and pituitary and blocks the negative feedback exerted by 
ovarian estrogens. The result is increased output of gonadotropins (FSH and 
LH) during the early partof the follicular phase. The effect of clomiphene is 
to increase endogenous FSH serum levels and to improve the growth and 
maturation of follicles. Subsequently either endogenous CG/LH or 
exogenous LH do induce ovulation in these patients. 

In addition to clomiphene, women have been treated with ovulation 
induction regimens which include commercial preparations of the human 
gonadotropins, including follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) or chorionic gonadotropin (CG), all of which were first 
obtained by purification of urine from pregnant women and more recently by 



recombinant technology. In general, this treatment is highly effective in 
stimulating folliculogenesis and steroidogenesis. Complications of this 
treatment result from the fact that these preparations and regimens can over- 
stimulate follicular development and maturation of follicles. In a subset of 
patients, the ovary can become hyperstimulated, which may result in 
multiple ovulations and, consequently, multiple births. Not only can ovarian 
hyperstimulation be life threatening to the mother, it also typically results in 
newborns with lower birth weight, who subsequently require intensive care. 
It is believed that the principal complications attributed to gonadotropin- 
induced hyperstimulation and multiple pregnancies probably result from the 
prolonged effects of hCG. In addition, use of gonadotropins in ovulation 
induction regimens can result in injection site reactions, both local and 
systemic. Consequently, the development of ovulation induction regimens 
using orally active agents with milder gonadotropin-like activity as opposed 
to therapies that use potent injectables would be of substantial benefit. More 
importantly, it would be a significant advantage if ovulation induction 
regimens could be developed which result in less ovarian hyperstimulation 
and , consequently, present less danger to the mother and produce healthier 
newborns. 

SUMMARY OF THE INVENTION 

The present invention relates to methods of improving fertility in a female 
host comprising the administration of a non-polypeptide cyclic adenosine 
monophosphate (cAMP) level modulator to the female host. In another 
aspect, the invention provides for specific administration of the non- 
polypeptide cAMP level modulator to induce ovulation of the dominant 



mature follicle prior to the luteal phase of an ovulatory cycle. Preferred non- 
polypeptide cAMP level modulators include phosphodiesterase inhibitors, 
particularly inhibitors of phosphodiesterase 4 isoforms. 

Although effects of PDE inhibitors on LH-stimulated steroidogenesis from 
granulosa cells, in vitro, have been reported, the present invention describes 
two novel findings. First, the PDE inhibitors fail to enhance FSH-stimulated 
follicular growth in vivo, despite the accepted role of cAMP in both FSH 
and LH cellular pathways. Moreover, evidence is presented that PDE 
inhibitors did enhance gonadotropin-stimulated steroidogenesis in vitro, 
which further exemplifies the novel activity of the PDE inhibitor on In- 
dependent ovulation. Second, the PDE inhibitors increased the ovulation 
rate, in vivo, in the absence of added LH or hCG. Considering the oral 
activity of PDE inhibitors, this second finding provides the basis for the first 
potential injection-free regimen for ovulation induction, since the PDE 
inhibitors can be used in conjunction with existing regimens as described 
below. 

The invention also provides for the stimulation of follicular development 
prior to the administration of a non-polypeptide cAMP level modulator 
which comprises the administration of an agent which increases FSH 
concentrations during the follicular phase of the host's ovulatory cycle. The 
objective of the invention in increasing FSH relates solely to follicular 
development and maturation and not ovulation induction. Preferred agents 
include FSH, itself, clomiphene, selective estrogen receptor modulators, 
aromatase inhibitors and selective modulators of the neuroendocrine 
regulation of FSH production. 



In still another aspect, the invention provides for the co-administration of a 
non-polypeptide cAMP level modulator with LH or chorionic gonadatropin 
(CG) prior to the luteal phase of the female host's ovulatory cycle. Co- 

5 administration can occur sequentially or simultaneouly, as well as by the 
same or different modes of delivery (e.g., parenterally and or orally). In 
addition, the invention provides for the use of lower concentrations of LH or 
CG administered to the host than concentrations that are used in current 
ovulation induction regimens and thereby lowering the likelihood of ovarian 

10 hyperstimulation. 

'■"3 

*3 Additionally, the present invention provides for the use of a non-polypeptide 

ru 

CO cAMP level modulator as a therapeutic agent in replacement of or to 

ru 

Cfl enhance the effect of hCG or LH in the collection of oocytes for in vitro 
„ is fertilization. 

'■sj 

CS 

j. J Thus, the invention provides for the use of a non-polypeptide cAMP level 
if modulator as a small molecule therapeutic (e.g., phosphodiesterase 

inhibitors) that is administered orally rather than by injection, the required 
20 route of administration for proteins and the mode of administration in 

current ovulation induction regimens. Oral administration avoids the acute 
and systemic side effects associated with such injections. Foremost, the 
small molecule therapeutic is effective in inducing ovulations and can be 
administered alone or with or without LH or CG and alternatively, in lower 
25 concentrations of LH or CG than are currently used, and thus, lessen the 
occurence of ovarian hyperstimulation and its associated risks. 
Consequently, multiple births and life threatening complications for the 
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mother and newborns can be averted. In addition, the present invention 
provides for the opportunity of earlier diagnostic testing for pregnancy than 
current ovulation induction regimens involving the use of CG. 

5 The treatment methods of the invention will be useful for treatment of 
infertility in humans, but also in other mammals (such as horses and 
livestock e.g. cattle, sheep, cows and the like) and other species such as 
piscine (i.e., fish) and avian (i.e., fowl). 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

q Figure 1 is a schematic representation of a generalized ovulation induction 
O regimen in humans. 

Q 

;4 15 Figure 2 is a bar graph representation of the effect of phophodiesterase 
I'll inhibitors in vitro (i.e., Compound 1 and Compound 2) on increasing 
W intracellular cAMP levels in granulosa cells. 

m 

q Figure 3 is a bar graph representation of the effect of a phosphodiesterase 

i°5 20 inhibitor (i.e., Compound 1) on follicle maturation in rats, in vivo. 

|»* 

2* Figure 4 is a bar graph representation of the effect of a phosphodiesterase 

H inhibitor (i.e., Compound 1) on ovulation with CG in rats, in vivo. 

25 Figure 5 is a bar graph representation of the effect of a phosphodiesterase 
inhibitor (i.e., Compound 1) on ovulation with and without CG in rats, in 
vivo. 

Figure 6 is a bar graph representation of the effect of a phosphodiesterase 
30 inhibitor (i.e., Compound 2) on ovulation with and without CG in rats, in 
vivo. 

Figure 7 is a bar graph representation of the effect of a phosphodiesterase 
inhibitor (i.e., Compound 2) on ovulation following oral and subcutaneous 
35 administration. 
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Figure 8 is a bar graph representation of the effect of PDE inhibitor 
Compound 3 on ovulation in vivo following oral and subcutaneous 
administration. 

5 Figure 9 is a bar graph representation of the effect of PDE inhibitor 

Compound 4 on ovulation in the presence or absence of a subeffective dose 
of hCG in vivo. 



Figure 10 is a bar graph representation of the effect of PDE inhibitor 
10 Compound 2 on ovulation and fertility. 

■ B S5, 

Q DETAILED DESCRIPTION OF THE INVENTION 

i u 

m 15 

ffi I. Definitions 

CO 

In general, the following words or phrases have the indicated definition 
i=g when used in the description, examples and claims. 

|=* 20 

O "Administration" refers to the delivery of a therapeutic agent into a female 
!f host. In the context of the present invention, this would include the delivery 
of a non-polypeptide cAMP level modulator and/or an agent which increases 
FSH concentrations. This term is more fully described under the section 
25 entitled, "Pharmaceutical Compositions" contained herein. 

"Ovulation" for the purposes herein refers to the process where an ovum or 
ova are released from the ovaries. As midcycle approaches, there is a 
dramatic rise in estrogen, followed by an LH and to a lesser extent an FSH 
30 surge. This triggers the dominant follicle to ovulate. Ovulation consists of 
rapid follicular enlargement followed by protrusion of the follicle from the 
surface of the ovarian cortex. Ultimately, rupture of the follicle results in the 
extrusion of an oocyte-cumulus complex. The remnant of the dominant 
follicle then reorganizes to become the corpus luteum. 

35 
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"Anovulation" refers to a lack of ovulation 

"Non-polypeptide cAMP level modulator" refers to compounds that are not 
composed of amino acids in their entirety, irrespective of glycosylation, and 
act, directly or indirectly, to increase intracellular levels of cAMP. Such 
compounds can increase cAMP levels by stimulating cAMP synthesis or by 
inhibiting its degradation, or both. Examples of modulators which increase 
the synthesis of cAMP include activators of adenyl cyclase such as 
forskolin. Examples of modulators that decrease cAMP degradation include 
inhibitors of phosphodiesterases such theophylline. 

"Female Host" means an individual of female gender of a species to which 
agents are administered in accordance with the present invention. Humans 
other mammalians and other species such as fish and fowl are included by 
definition herein. 

"Phosphodiesterase inhibitor" refers to chemical compounds which block or 
inhibit phosphodiesterases (PDE's) whose action is to inactivate their cyclic 
nucleotide targets (i.e., cAMP and cGMP) by hydrolytic cleavage of the 3'- 
phosphodiester bond, resulting in passive accumulation of specific cyclic 
nucleotides. Inhibitors can be non-selective for all phosphodiesterase 
isoforms or selective for specific isoforms. 

"Phosphodiesterase Isoforms" refers to a family of isozymes or isoforms 
responsible for the metabolism or degradation of the intracellular second 
messengers, cAMP and cGMP. Specific isoforms can have highly selective 
cellular and subcellular localizations. Examples of phosphodiesterase 
isoforms include PDE3 and PDE4 inhibitors. 

"Follicular Phase" refers to the first half of the menstrual cycle and is 
characterized by a progressive increase in circulating levels of estradiol and 
inhibin B by the developing graafian follicle. 

"Prior to the Luteal Phase" refers to the period of the menstual cycle before 
the shift from the estrogen dominated follicular phase to the progesterone 
dominated of the luteal phase. Prior to the luteal phase, the estrogen levels 
are generally greater than or equal to 150 pg/ml/follicle for a follicle of 16 
mm in diameter and the follicle size is generally no less than 14 mm in 
diameter. These criteria are not absolute and will vary from patient to 
patient. In the context of the present invention and in terms of the timing of 
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administration of the non-polypeptide cAMP level modulator, the non- 
polypeptide cAMP level modulator can be administered to a female host at 
the time point of an existing ovulation induction regimen at which hCG or 
LH is administered to said host. 

5 

"Ovulatory Cycle" refers to a series of cyclical events over a species specific 
period of time including follicular growth and development, recruitment, 
selection, dominance, ovulation, and corpus luteum formation and demise. 
10 Functionally, the cycle can be divided into three phases, the follicular, the 
ovulatory and the luteal phases. This cycle can also be referred to the 
menstrual cycle. 

"Ovulation Induction" refers to the process wherein a polypeptide(s) and/or 
15 synthetic chemical is used to bring about ovulation in female hosts who are 
Q other wise anovulatory, resulting in induction of follicular rupture and 
=3 ovulation of fertilizable oocytes. Ovulation induction does not include the 
1= " preceding events in time during the ovulatory cycle of follicular maturation 
eg and development. / 

IE : a 

ill 20 

_ 3 "Ovarian Hyperstimulation" refers to aggressive pharmacologic intervention 
"f of an ovulatory or anovulatory menstual cycle. It entails maturation of 
C3 multiple follicles resulting in codominance of numerous follicles and the 
i«9 availability of multiple fertilizable oocytes. 

Si 25 

n "Follicle" refers to the fluid filed sac that surrounds the ovum, the sac also 
!»* containing granulosa cells. 

"Follicular Development" refers to the progressive growth and development 
30 of ovarian follicles, particularly during the follicular phase of the ovulatory 
cycle and leading to the recruitment and dominance of a follicle destined to 
ovulate. 

"Follicle Stimulating Hormone (FSH) and isoforms" refers to a hormone 
35 released by the pituitary that stimulates the growth of ovarian follicles and 
isoforms of FSH as described in U.S. Patent No. 5,087,615, incorporated by 
reference herein. 

"Selective Estrogen Receptor Modulators" refers to chemical compounds or 
40 polypeptides that act as an estrogen receptor antagonist at the level of the 
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hypothalamus and the pituitary gland, and as an agonist at the level of the 
uterus. Examples of such modulators can include tamoxifen, raloxifene, 
toremifene, clomiphene and droloxifene. Reference, Endocrinology, 1999 
December: 138(12): 5476-5484 is hereby incorporated by reference. 

5 

"Aromatase Inhibitors" refer to chemical compounds or polypeptides that 
block or inhibit the activity of aromatase which is an enzyme that converts 
androgens to estrogens. Examples of aromatase inhibitors include letrozole, 
anastrozole and vorozole. References, 1) Journal of Endocrinology, 2000 
10 Feb: 164(2): 225-238; and 2) Journal of Steroid Biochemistry and Molecular 
Biology, 1997 April: 61(3-6): 157-166; are hereby incorporated by 
reference. 
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"Related Steroidogenic enzymes" refers to any enzyme that is involved with 
15 the catalysis of biochemical reactions leading to the synthesis of estrogen 
and progesterone including 3-p-hydroxysteroid dehydrogenase and 
inhibitors of this enzyme include daidzein, genistein, biochanin A and 
formononetin. Reference, Journal of Steroid Biochemistry and Molecular 
Biology, 1996 April: 58(1): 95-101 is hereby incorporated by reference. 

20 

"Clomiphene" refers to a nonsteroidal ovulation inducing estrogen receptor 
ligand with mixed agonistic/antagonistic properties. Structurally, 
clomiphene is a triphenylethylene derivative further substituted with a 
chloride ion complemented with aminoalkoxy and dihydrogen citrate 
25 extentions. 

"Lutenizing Hormone" refers to a hormone released by the pituitary that 
serves the dual purpose of causing a dominant follicle to release its egg and 
stimulating the corpus luteum to secrete progesterone. 
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"Reduced concentrations" refers to lower concentrations of an administered 
agent when compared to standard levels of administered agents. In the 
context of the present invention, lower concentrations of LH or CG are 
administered than are administered in existing ovulation induction regimens. 



"Existing Ovulation Induction Regimens" refers to current methods of 
inducing ovulation including the use of clomiphene, gonadatropins (i.e., 
FSH, LH and CG) or a combination of these agents to promote 
folliculogenesis and induced ovulation in anovulatory females. The regimens 
40 are varied in terms of the timing, frequency and concentration of the agents 
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administered. This definition includes modifications of current regimens 
which still require the administration of hCG or LH at some time point 
during the ovulation induction regimen. The following treatises on female 
infertility, stimulated folliculogenesis and ovulation induction are 
5 incorporated by reference herein: Reproductive Endocrinology, Surgery, and 
Technology, Volumes 1 and 2; Editors: E.Y. Adashi, J.A. Rock and Z. 
Rosenwaks; Lippincott-Raven Publishers, Philadelphia, 1996 and Female 
Infertility Therapy Current Practice; Editors: Z. Shoham, CM. Howies and 
H.S. Jacobs; Martin Dunitz Ltd, London, 1 999. 

10 

"Chorionic Gonadotropin" refers to a glycoprotein hormone that is 
biologically and immunologically similar to pituitary LH. In normal 
pregnancy, CG is produced by the placenta and can be used as a diagnostic 
marker of pregnancy by elevated levels in serum concentration. The 
15 acronym hCG refers to human chorionic gonadotropin. 

□ 

"Agent which increases FSH concentrations" refers to any composition of 
jlfj matter, protein or synthetic chemical, which when administered to a female 
|;5 host increases the serum level concentrations of FSH, either directly or 
Hi 20 indirectly, by administering FSH itself, or an agent which stimulates its 
jjj endogenous production or inhibits its endogenous degradation. The 
^ definition of this phrase and agent includes compounds which may not 
□ increase FSH concentrations but have follicle stimulating hormone 
|»3 biological function and activity. 

Q 25 

! * II. Principles of Ovulation Induction 

Problems of inadequate or inappropriate gonadotropin levels have been 

30 recognized as causes of ovulatory dysfunction since the 1960s. The clinical 
effectiveness of the various gonadotropin preparations used was proportional 
to the amount of FSH administered. Initial evidence suggested that 
exogenous LH is not required for adequate folliculogenesis during ovulation 
induction. It became apparent, however, that women given only exogenous 

35 FSH fail to produce adequate follicular estradiol for ovulation induction. 
The presence of at least some amount of exogenous or endogenous LH for 
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ovulation induction in the human appears to be important. Figure 1 
illustrates a schematic representation of a generalized ovulation induction 
regimen. An FSH preparation is given at 75 IU/day for the first 7 days. At 
the end of 7 days, an ultrasound scan is taken to assess follicular diameter 
and serum estradiol is measured. If the follicle is less than 12 mm, the dose 
of FSH is doubled, and a subsequent scan is taken in another 5-7 days. 
Patients with follicles > 15 mm diameter receive an ovulatory bolus dose of 
hCG. 



III. Generalized Ovulation Induction Regimen 

Ovulation induction is as much an art as a science. Despite a remarkable 
array of treatment protocols, no single approach or specific method is 
uniquely correct. Certain principles do apply, however, and provide the 
basis for safe and effective treatment. However, it should be noted that the 
criteria set forth below for inducing ovulation is given for example purposes 
only and may vary significantly by clinic, patient and the goal of the 
treatment. 

The first cycle usually involves the administration of FSH daily beginning 
on day 4 to 7 of a withdrawal bleed. Follicle growth and response are 
monitored by both estrogen levels and ultrasound. Adequate follicle 
stimulation is usually achieved by 7 to 14 days of continuous FSH 
administration. Treatment with FSH for less than 8 days is associated with 
increased spontaneous abortion rates among pregnant patients. 
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Once sufficient follicle development has been achieved (two 16- to 18- mm 
follicles together with a progressive rise in serum estrogen to 500 to 1 ,000 
pg/mL), hCG (5,000 or 10,000 IU) is administered. The timing of hCG 
administration is important because the principal complications attributed to 
5 gonadotropin-induced hyperstimulation and multiple pregnancies probably 
result from the prolonged effects of hCG. Although the half-life of hCG is 
approximately 8 hours, it may be detectable in the patient's blood for 7 to 10 
days after injection and misdiagnosed as a successful treatment pregnancy. 
Following administration of hCG, the couple is instructed to have 
10 intercourse on that night and once or twice more over the next 48 hours. 

i3 The fundamental rule regarding gonadotropin administration is that each and 

i;S every treatment cycle must be individualized, monitored, and adjusted 

i y 

rr? appropriately. Monitoring is necessary not only to enhance ovulation and 

,j~ is pregnancy rates but also to reduce the risk of severe ovarian 

P 

hyperstimulation and its potential consequences and multiple pregnancies. 

Q 

11 This is achieved by frequent determinations of plasma/serum estradiol levels 
and by inspection of the ovaries by ultrasound. Estradiol levels generally 

20 correlate with the number of growing follicles but not necessarily with the 
number of mature follicles. Reliance on estradiol levels as the marker for 
follicle maturity may erroneously suggest follicle maturity in the presence of 
multiple small follicles, resulting in premature hCG administration. Because 
follicular growth correlates directly with ovum maturation, ultrasound 

25 assessment of mean follicular diameter may be a better indicator in assessing 
maturity and timing of hCG administration. Estrogen levels should therefore 
be used to assess early follicular development as an indicator of 



15 



gonadotropin response, and ultrasound should be used to assess the number 
and size of maturing follicles. 

The goal of most treatments is to maximize the potential for a singleton 
pregnancy while reducing the risk of hyperstimulation syndrome. Estradiol 
levels between 1000 and 1500 pg/ mL appear to be optimal, but actual levels 
may vary depending on the laboratory used and the physician's experience. 
The risk of hyperstimulation increases with higher estradiol levels. In 
general, when serum estradiol exceeds 2000 pg/ mL, hCG should be 
administered with great caution or withheld to allow follicles to regress. In 
hypogonadotropic hypogonadism, the risk of severe hyperstimulation for 
values greater than 2400 pg/mL is 5 % in pregnancy cycles and 1 % in 
nonpregnant cycles. Furthermore, because hyperstimulation tend to 
correlate with the number of follicles present, a decision to withhold hCG 
may be also based on an ultrasound finding of 10 or more developing 
follicles. 

The following treatises on female infertility, stimulated folliculogenesis and 
ovulation induction are incorporated by reference herein: Reproductive 
Endocrinology, Surgery, and Technology, Volumes 1 and 2; Editors: E.Y. 
Adashi, J.A. Rock and Z. Rosenwaks; Lippincott-Raven Publishers, 
Philadelphia, 1996 and Female Infertility Therapy Current Practice; Editors: 
Z. Shoham, CM. Howies and H.S. Jacobs; Martin Dunitz Ltd, London, 
1999. 

IV. Methods of the Present Invention. 
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The present invention relates to a method of ovulation induction that 
comprises the administration of a non-polypeptide cAMP level modulator in 
an ovulation induction regimen in which the modulator is administered to 
enhance or substitute the administration of hCG (or LH), which is typically 
administered prior to the luteal phase of an induced or naturally occurring 
ovulatory cycle. The modulator can be administered alone or co- 
administered, either simultaneously or sequentially, with hCG (or LH), as 
well as by different modes of delivery (e.g, parenterally or orally). 

In another aspect, the invention provides for the co-administration, either 
simultaneously or sequentially, of a non-polypeptide cAMP level modulator 
with LH or CG prior to the luteal phase of the female host's ovulatory cycle. 
In addition, since it is believed that the principal complications attributed to 
gonadotropin induced ovarian hyperstimulation and consequent multiple 
pregnancies probably result from the prolonged effects of hCG, the 
invention provides for the use of lower concentrations of LH or CG 
administered to the host than concentrations that are used in existing 
ovulation induction regimens and thereby lowering the likelihood of ovarian 
hyperstimulation, and consequently averting the adverse effects associated 
with that condition: multiple births, low weight newborns and health 
complications for the mother. 

It should be noted that the administration of non-polypeptide cAMP level 
modulators have no therapeutic effect on follicular maturation and 
development during the ovulatory cycle. 
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Thus, the present invention relates to methods of inducing ovulation in a 
female host comprising the administration of a non-polypeptide cyclic 
adenosine monophosphate (cAMP) level modulator to the female host. The 
non-polypeptide cAMP level modulators act, directly or indirectly, to 
5 increase intracellular levels of cAMP. Such compounds can increase cAMP 
levels by stimulating cAMP synthesis or by inhibiting its degradation, or 
both. Examples of modulators which increase the synthesis of cAMP include 
activators of adenyl cyclase such as forskolin. Examples of modulators that 
decrease cAMP degradation include inhibitors of phosphodiesterases such 
10 theophylline. Preferred non-polypeptide cAMP level modulators include 
C3 phosphodiesterase inhibitors, particularly inhibitors of phosphodiesterase 4 

O isoforms. 

ry 

ry 

(n In still another aspect, the invention provides for specific administration of 

.a Jr. 

■ f 3 

r 15 the non-polypeptide cAMP level modulator prior to the luteal phase of the 

f *3 

; : | host's ovulatory cycle. As an enhancer or substitute of hCG in an ovulation 

is &> 

!«5 induction regimen, in which hCG is typically administered towards the end 
J; J of the follicular phase but prior to the luteal phase of the ovulatory cycle. 

The preferred timing of administration of the non-polypeptide cAMP level 
20 modulator is prior to the luteal phase of the host's ovulatory cycle. 

The invention also provides for the stimulation of follicular development 
prior to the administration of a non-polypeptide cAMP level modulator for 
inducing ovulation which comprises the administration of an agent which 
25 increases follicular stimulating hormone (FSH) concentrations during the 
follicular phase of the host's ovulatory cycle. Preferred agents include FSH, 
itself, clomiphene, selective estrogen receptor modulators, aromatase 
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inhibitors and agents which are not FSH but have FSH biological function 
and activity. Thus, administration of the agents described herein in a 
prescribed timing relative to the growth and maturation of the follicle are 
claimed to improve the process of ovulation and subsequent fertilization that 
5 must take place if conception is to occur. 

It should be noted that when a non-polypeptide cAMP level modulator is 
administered alone and not co-administered with hCG, the present invention 
provides for the opportunity of earlier diagnostic testing for pregnancy than 
10 current ovulation induction regimens involving the use of CG. 

: a -J 
. =i 

i ^ 

Jj{ V. Pharmaceutical Compositions 

f y The non-polypeptide cAMP level modulators and agents which increase 

in 

rg is FSH concentrations in a female host (also referred to herein as "active 
q compounds") of the invention, and derivatives, fragments, analogs and 
lI homologs thereof, can be incorporated into pharmaceutical compositions 
!"i suitable for administration. Such compositions typically comprise the active 
' ! * compounds and a pharmaceutically acceptable carrier. As used herein, 
20 "pharmaceutically acceptable carrier" is intended to include any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, 
isotonic and absorption delaying agents, and the like, compatible with 
pharmaceutical administration. Suitable carriers are described in the most 
recent edition of Remington's Pharmaceutical Sciences, a standard reference 
25 text in the field, which is incorporated herein by reference. Preferred 

examples of such carriers or diluents include, but are not limited to, water, 
saline, Ringer's solutions, dextrose solution, and 5% human serum albumin. 
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Liposomes and non-aqueous vehicles such as fixed oils may also be used. 
The use of such media and agents for pharmaceutically active substances is 
well known in the art. Except insofar as any conventional media or agent is 
incompatible with the active compound, use thereof in the compositions is 
5 contemplated. Supplementary active compounds can also be incorporated 
into the compositions. 

A pharmaceutical composition of the invention is formulated to be 
compatible with its intended route of administration. Examples of routes of 
10 administration include parenteral, (e.g., intravenous, intradermal, 
□ subcutaneous), oral, inhalation, transdermal (topical), transmucosal, and 

K -J 

■3 rectal administration. Solutions or suspensions used for parenteral, 

i y 

CO intradermal, or subcutaneous application can include the following 

! & 

i;n components: a sterile diluent such as water for injection, saline solution, 

m 

„ is fixed oils, polyethylene glycols, glycerine, propylene glycol or other 
i"Q synthetic solvents; antibacterial agents such as benzyl alcohol or methyl 
;>3 parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating 
!^ agents such as ethylenediaminetetraacetic acid; buffers such as acetates, 

citrates or phosphates, and agents for the adjustment of tonicity such as 
20 sodium chloride or dextrose. The pH can be adjusted with acids or bases, 

such as hydrochloric acid or sodium hydroxide. The parenteral preparation 

can be enclosed in ampoules, disposable syringes or multiple dose vials 

made of glass or plastic. 

25 Pharmaceutical compositions suitable for injectable use include sterile 
aqueous solutions (where water soluble) or dispersions and sterile powders 
for the extemporaneous preparation of sterile injectable solutions or 
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dispersion. For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, 
Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the 
composition must be sterile and should be fluid to the extent that easy 
syringeability exists. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene glycol, and the 
like), and suitable mixtures thereof. The proper fluidity can be maintained, 
for example, by the use of a coating such as lecithin, by the maintenance of 
the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by 
various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars, 
polyalcohols such as manitol, sorbitol, sodium chloride in the composition. 
Prolonged absorption of the injectable compositions can be brought about by 
including in the composition an agent which delays absorption, for example, 
, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active 
compound in the required amount in an appropriate solvent with one or a 
combination of ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are prepared by incorporating 
the active compound into a sterile vehicle that contains a basic dispersion 
medium and the required other ingredients from those enumerated above. In 
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the case of sterile powders for the preparation of sterile injectable solutions, 
methods of preparation are vacuum drying and freeze-drying that yields a 
powder of the active ingredient plus any additional desired ingredient from a 
previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. 
They can be enclosed in gelatin capsules or compressed into tablets. For the 
purpose of oral therapeutic administration, the active compound can be 
incorporated with excipients and used in the form of tablets, troches, or 
capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally 
and swished and expectorated or swallowed. Pharmaceutically compatible 
binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any 
of the following ingredients, or compounds of a similar nature: a binder such 
as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as 
starch or lactose, a disintegrating agent such as alginic acid, Primogel, or 
corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant 
such as colloidal silicon dioxide; a sweetening agent such as sucrose or 
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or 
orange flavoring. 

For administration by inhalation, the compounds are delivered in the form of 
an aerosol spray from pressured container or dispenser which contains a 
suitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer. 
Systemic administration can also be by transmucosal or transdermal means. 
For transmucosal or transdermal administration, penetrants appropriate to 
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the barrier to be permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for transmucosal 
administration, detergents, bile salts, and fusidic acid derivatives. 
Transmucosal administration can be accomplished through the use of nasal 
5 sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as 
generally known in the art. 

The preferred route of administration for non-polypeptide cAMP level 
10 modulators including phosphodiesterase inhibitors, as well as for 
□ clomiphene, selective estrogen receptor modulators, aromatase inhibitors 
hi and inhibitors of steroidogenic enzymes is by oral administration. These 

ry 

CQ active compounds also can be administered subcutaneously by injection, 

fU 

(fl intravenously or trans-vaginally (for local administration). The preferred 

I" 15 route of administration of FSH, LH or hCG is by subcutaneous injection, but 
!"« could also be administered intravenously. 

\,A 
>"% 

; :3 The compounds can also be prepared in the form of suppositories (e.g., with 

is ih 

conventional suppository bases such as cocoa butter and other glycerides) or 
20 retention enemas for rectal or vaginal delivery. 

In one embodiment, the active compounds are prepared with carriers that 
will protect the compound against rapid elimination from the body, such as a 
controlled release formulation, including implants and microencapsulated 
25 delivery systems. Biodegradable, biocompatible polymers can be used, such 
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, 
polyorthoesters, and polylactic acid. Methods for preparation of such 
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formulations will be apparent to those skilled in the art. The materials can 
also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. 

5 Compounds of the invention can be employed, either alone or in 

combination with one or more other therapeutic agents as discussed above, 
as a pharmaceutical composition in mixture with conventional excipient, i.e., 
pharmaceutically acceptable organic or inorganic carrier substances suitable 
for oral, parenteral, enteral or topical application which do not deleteriously 
10 react with the active compounds and are not deleterious to the recipient 
□ thereof. Suitable pharmaceutically acceptable carriers include but are not 
> k 3 limited to water, salt solutions, alcohol, vegetable oils, polyethylene glycols, 

i'O gelatin, lactose, amylose, magnesium stearate, talc, silicic acid, viscous 

i'U 

Ci! paraffin, perfume oil, fatty acid monoglycerides and diglycerides, petroethral 

, s 15 fatty acid esters, hydroxymethyl-cellulose, polyvinylpyrrolidone, etc. The 

i;q pharmaceutical preparations can be sterilized and if desired mixed with 

q auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting agents, 

l± emulsifiers, salts for influencing osmotic pressure, buffers, colorings, 
flavorings and/or aromatic substances and the like which do not 

20 deleteriously react with the active compounds. 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. 
Dosage unit form as used herein refers to physically discrete units suited as 
25 unitary dosages for the subject to be treated; each unit containing a 
predetermined quantity of active compound calculated to produce the 
desired therapeutic effect in association with the required pharmaceutical 
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carrier. The specification for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique characteristics of the active 
compound and the particular therapeutic effect to be achieved, and the 
limitations inherent in the art of compounding such an active compound for 
the treatment of individuals. 

It will be appreciated that the actual preferred amounts of active compounds 
used in a given therapy will vary according to the specific compound being 
utilized, the particular compositions formulated, the mode of application, the 
particular site of administration, etc. Optimal administration rates for a 
given protocol of administration can be readily ascertained by those skilled 
in the art using conventional dosage determination tests conducted with 
regard to the foregoing guidelines. See also Remington's Pharmaceutical 
Sciences. In general, a suitable effective dose of one or more compounds of 
the invention, particularly when using the more potent compound(s) of the 
invention, will be in the range of from 0.01 to 100 milligrams per kilogram 
of bodyweight of recipient per day, preferably in the range of from 0.01 to 
20 milligrams per kilogram bodyweight of recipient per day, more 
preferably in the range of 0.05 to 4 milligrams per kilogram bodyweight of 
recipient per day. The desired dose is suitably administered once daily, or 
several sub-doses, e.g. 2 to 4 sub-doses, are administered at appropriate 
intervals through the day, or other appropriate schedule. Such sub-doses 
may be administered as unit dosage forms, e.g., containing from 0.05 to 10 
milligrams of compound(s) of the invention, per unit dosage. 

The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 



25 



The following non-limiting examples are illustrative of the invention. 
V. Exemplification: 

An in vivo ovulation model was been developed in which FSH is 
administered to immature rats bid x 2 or 3 days to induce follicular 
maturation, followed by a single ovulatory dose of hCG. A single injection 
of non-polypeptide cAMP level modulators (e.g., Compound 1, Compound 
2, etc.) co-administered with a subovulatory dose of hCG or injected alone 
resulted in an induction of ovulation. These results are consistent with a 
model in which increased cAMP levels enhance or substitute for hCG 
but not FSH. The role of FSH in any ovulation induction regimen is for 
promoting follicular development and maturation, not ovulation 
induction. 

Example 1 : Effect of Compounds 1 and Compounds 2 on Rat Ovarian 
Granulosa Cell cAMP levels, alone or with gonadotropins in vitro. 

Ovaries were removed from immature 25 day old, hypophysectomized, 
diethylstilbesterol treated Sprague-Dawley rats. The ovaries were repeatedly 
punctured with 27 gauge needles to liberate granulosa cells from the 
follicles. Cells were washed and resuspended in McCoys 5 A media + 0.1% 
BSA + 2uM androstenedione. Viable cells in number of 100,000 were 
loaded into 6-well tissue cultue dishes in a 1.0 ml volume (with Compound 1 
and Compound 2 at a concentration of 25 micromolar, either alone or in 
conjunction with a low, 0.1 pM dose of gonadatropin). Plates were incubated 

in a 37<>C incubator, 100% humidity, 5.0% CO2 for 48 hrs. Conditioned 
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media were assayed in a cAMP specific RIA. Results are expressed as mean 
plus or minus standard deviations. As seen in Figure 2, Compounds 1 and 2 
cause a significant increase in cAMP levels in the presence of subeffective 
concentrations of gonadotropin. 



Example 2: Effect of the PDE inhibitor Compound 1 on follicle maturation, 
in vivo. 



Mature ovarian follicles generated in immature female rats by treatment with 
10 a sub-optimal dose of FSH (1 .08 IU/rat/injection; bid x 3 days) with and 
O without co-administration of Compound 1 (0. 1, 1, 10, and 50 
Q mg/kg/injection: bid X 3 days). A single injection of an ovulatory dose of 

m 

S3 hCG (20 IU) was administered with the final FSH injection. The PDE 

ru 

W inhibitors were given in conjunction with sub-optimal doses of FSH. 

fp 

is is All injections were subcutaneously administered. Ovulation was determined 

Q 

f q 18 hours after hCG administration by counting oocytes in oviduct. Results 

u 

I' 3 are expressed as mean plus or minus standard deviations. As seen in Figure 
1 1 3, data represent average number of oocytes in oviducts of all rats in each 

group and frequency of ovulating rats. As also noted in Figure 3, a PDE 
20 inhibitor (Compound 1) inhibited (rather than stimulated) both ovulation 

administered at 50 mg/kg. The results demonstrate that increasing doses of 

PDE inhibitor failed to enhance the ability of a sub-optimal dose of FSH to 

prepare follicles to ovulate. 



25 Example 3 : Effect of the PDE Inhibitor Compound 1 on ovulation, in the 
presence of a subeffective dose of hCG in vivo. 
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Mature ovarian follicles generated in immature female rats by treatment with 
an effective dose of FSH (2.16 IU/rat/injection; bid x 2 days) were induced 
to ovulate with a single injection of hCG. hCG was administered at a sub- 
effective dose (3 IU) with and without a single injection of Compound 1 (50, 
10 and 1 mg/kg) at the time of the final FSH injection. Ovulation was 
determined 1 8 hours after hCG administration by counting the number of 
ova in the oviduct. As seen in Figure 4, a single injection of Compound 1 co- 
administered with a subovulatory dose of hCG resulted in an induction of 
ovulation. All injections were subcutaneous. Results are expressed as mean 
plus or minus standard deviations. This data demonstrates that a non- 
polypeptide cAMP level modulator, in this case a PDE inhibitor enhances 
hCG-stimulated ovulation when a sub-optimal dose of hCG is administered. 
The effects of Compound 1 , a known PDE inhibitor are shown. 

Example 4 : Effect of PDE inhibitor Compound 1 on ovulation in the 
presence or absence of a subeffective dose of hCG in vivo. 

Following FSH induced follicular maturation (2.16 IU/rat/injection; bid X 
2days) Compound 1 was injected with and without a sub- effective dose of 
hCG. Ovulation was determined 18 hours after hCG/Compound 1 
administration by counting oocytes in oviduct. Data represent average 
number of oocytes in oviducts of all rats in each group and frequency of 
ovulating rats. As seen in Figure 5, a single injection of Compound 1 
administered alone, without a subovulatory dose of hCG, resulted in an 
induction of ovulation in FSH pretreated rats. Results are expressed as mean 
plus or minus standard deviations. This data demonstrates that a non- 
polypeptide cAMP level modulator, in this case a PDE inhibitor, Compound 
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1, is able to induce ovulation in the absence of any injected hCG. Previous 
experiments, and those presented here have shown that follicles prepared 
with these doses of FSH do not ovulate spontaneously, but require 
subsequent hCG administration. 

Example 5: Effect of PDE inhibitor Compound 2 on ovulation in the 
presence or absence of a subeffective dose of hCG in vivo. 

Following FSH induced follicular maturation (2.16 IU/rat/injection; bid X 
2days) Compound 2 was injected with and without a sub- effective dose of 
hCG. Ovulation was determined 18 hours after hCG/Compound 2 
administration by counting oocytes in oviduct. Data represent average 
number of oocytes in oviducts of all rats in each group and frequency of 
ovulating rats. Results are expressed as mean plus or minus standard 
deviations. As seen in Figure 6, a single injection of Compound 2 
administered alone, without a subovulatory dose of hCG, resulted in an 
induction of ovulation in FSH pretreated rats. This data demonstrates that a 
non-polypeptide cAMP level modulator, in this case a PDE inhibitor, 
Compound 2, is able to induce ovulation in the absence of any injected hCG. 

Example 6: Effect of PDE inhibitor Compound 2 on ovulation in vivo 
following oral and subcutaneous administration. 

Following FSH induced follicular maturation (2.16 IU/rat/injection; bid X 2 
days) Compound 2 was either injected subcutaneously (subcutis) or 
administered by oral gavage. Ovulation was determined 1 8 hours after 
Compound 2 administration by counting oocytes in oviduct. Data represent 
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average number of oocytes in oviducts of all rats in each group and 
frequency of ovulating rats. Results are expressed as mean plus or minus 
standard deviations. As seen in Figure 7, administration of Compound 2 by 
either subcutaneous or oral route resulted in an induction of ovulation in 
5 FSH pretreated rats. This data demonstrates that a non-polypeptide cAMP 
level modulator, in this case a PDE inhibitor, Compound 2, is able to induce 
ovulation when administered orally. 

Example 7: Effect of PDE inhibitor Compound 3 on ovulation in vivo 
10 following oral and subcutaneous administration. 

<*3 Following FSH induced follicular maturation (2. 16 IU/rat/injection; bid X 2 

C9 days) Compound 3 was either injected subcutaneously (subcutis) or 

i y 

;»n administered by oral gavage. Ovulation was determined 18 hours after 

] w 15 Compound 2 administration by counting oocytes in oviduct. Data represent 

n 

r ; g average number of oocytes in oviducts of all rats in each group and 

frequency of ovulating rats. Results are expressed as mean plus or minus 
J;f standard deviations. As seen in Figure 8, administration of Compound 3 by 

either subcutaneous or oral route resulted in an induction of ovulation in 
20 FSH pretreated rats. This data demonstrates that a non-polypeptide cAMP 

level modulator, in this case a PDE inhibitor, Compound 3, is able to induce 

ovulation when administered orally. 

Example 8 : Effect of PDE inhibitor Compound 4 on ovulation in the 
25 presence or absence of a subeffective dose of hCG in vivo. 
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Following FSH induced follicular maturation (2.16 IU/rat/injection; bid X 2 
days) Compound 4 was injected subcutaneously with and without a sub- 
effective dose of hCG. Ovulation was determined 18 hours after 
hCG/Compound 4 administration by counting oocytes in oviduct. Data 
represent average number of oocytes in oviducts of all rats in each group and 
frequency of ovulating rats. As seen in Figure 9, a single injection of 
Compound 4 administered with a subovulatory dose of hCG resulted in an 
induction of ovulation in FSH pretreated rats. Compound 4 administered 
alone induced little or no ovulation. Results are expressed as mean plus or 
minus standard deviations. This data demonstrates that a non-polypeptide 
cAMP level modulator, in this case a PDE inhibitor, Compound 4, which is 
insufficient to induce ovulation alone, is able to induce ovulation in the 
presence of a sub-effective dose of hCG. 

Example 9 : Effect of PDE inhibitor Compound 2 on ovulation and 
fertility. 

Follicular maturation was induced in immature rats with FSH (4.33 
IU/rat/injection; bid X 2 days) and Pregnant Mare's Serum Gonadotropin 
(PMSG) (1 .5 IU/rat/injection; bid X 2 days). This combination was 
previously found to induce follicular maturation and promote mating 
behavior while maintaining a low spontaneous ovulation rate in the absence 
of an additional injection of hCG. FSH and PMSG induced rats were then 
treated with either Compound 2(12 rats) or vehicle (12 rats) by 
subcutaneous administration. In one cohort of rats (6 rats per treatment), 
ovulation was determined 18 hours after Compound 2 or vehicle 
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administration by counting oocytes in oviduct. To assess fertility, another 
cohort of rats (6 rats per treatment) were individually placed overnight in a 
cage together with a single adult male rat of proven fertility. The next day, 
male rats were removed and the females were caged together by group until 
5 the day of parturition. The number of live full-term pups observed at the 
time of parturition was recorded. As seen in Figure 10, a single injection of 
Compound 2 resulted in an induction of ovulation in FSH/PMSG pretreated 
rats. In addition, rats treated with Compound #2 had an increased number of 
live pups at the time of parturition. Results for both ovulation and live pups 
10 are expressed as mean plus or minus standard deviations. This data 
□ demonstrates that a non-polypeptide cAMP level modulator, in this case a 
=3 PDE inhibitor, Compound 2, induces ovulation of oocytes which are capable 

ry 

£s of being fertilized in vivo. 

ry 

i : 

CQ 

» 15 

n 

CQ The present invention is not to be limited in scope by the specific 

LA 

O embodiments described herein. Indeed, various modifications of the 
11 invention in addition to those described herein will become apparent to 

those skilled in the art from the foregoing description and accompanying 
20 figures. Such modifications are intended to fall within the scope of the 

appended claims. The entire contents of all references, patents and published 

patent applications cited throughout this application are hereby incorporated 

by reference. 
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